(19) 



J 



is H stent 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
09.07-2003 Bulletin 2003/28 

(21) Application number 98112777.2 

(22) Date of filing: 09.07.1998 



(51) Intel.*: G02B 6/28 



(54) 1xN fiber optic coupler and corresponding method of making 

Faser optischer 1xn Koppier und zugehdrige Herstellungsmethode 
Coupleur 1 xn a fibre optique et methode correspondante de fabrication 



CO 

in 
o 

T— 

LO 
G> 
00 

o 

Q. 

Ill 



(84) Designated Contracting States: 

BE CH DE DK ES FR GB IE IT LI NL SE 

(30) Priority: 31.07.1997 US 54412 P 

(43) Date of publication of application: 
03.02.1999 Bulletin 1999/05 

(73) Proprietor CORNING INCORPORATED 
Corning, N.Y. 14831 (US) 

(72) Inventor: Miller, William James 
Corning, NY 14831 (US) 



(74) Representative: Boon, Graham Anthony et al 
Elklngton and Fife, 
Prospect House, 
8 Pembroke Road 
Sevenoaks, Kent TN13 1XR (GB) 



(56) References cited: 
EP-A- 0 431 311 
EP-A- 0 766 108 
US-A-5 017 206 



EP-A- 0 730 171 
WO-A-97/11917 
US-A- 5 268 979 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Prtrtted by Jouve, 75001 PAWS (FR) 



1 EP 0 895 105 B1 



Description 

Background of the Invention 

[0001] This application Is based upon the provisional 
application S.N. 60/054,412, filed July 31; 1997, which 
we claim as the priority date of this application. 
[0002] This invention relates to fiber optic couplers 
and, more particularly, to 1xN couplers (N>2) that are 
capable of coupling substantially equal amounts of pow- 
er from an input optical f iber to three or more output op- 
tical fibers; It also relates to methods of making such 
couplers. 

[0003] "Fused fiber couplers" have been formed by 
positioning a plurality of fibers in a side-by-side relation- 
ship along a suitable length thereof and fusing the clad- 
dings together to secure the fibers and reduce the spac- 
ings between the cores. Various coupler properties can 
be improved by inserting the fibers into a capillary tube 
prior to heating and stretching the fibers , thereby result- 
ing in the formation of an "overclad coupler". To form an 
overclad coupler, the fibers are inserted into a glass 
overclad tube, the tube is evacuated, and Its midregion 
is heated and collapsed onto the fibers. The central por- 
tion of the midregion is thereafter drawn down to that 
diameter and coupling length which is necessary to ob- 
tain the desired coupling. The present invention relates 
to both fused fiber couplers and overclad couplers. 
[0004] Fiber optic couplers that are capable of cou- 
pling light from a centrally located input optical fiber to 
a plurality of output optical fibers that surround the input 
fiber are well known. It has been known that coupling 
characteristics are affected by the spacing between the 
output fibers. Substantially equal coupling ratios require 
equal fiber spacing. Six output optical fibers fit around 
another fiber of equal diameter to form a dose packed 
array. However, for many purposes, devices other than 
1 x6 couplers, for example 1 x4 couplers or 1 x8 couplers, 
are required. 

[0005] One fiber spacing technique involves gluing 
each output fiber to the input fiber so that, each output 
fiber is properly located about the circumference of the 
input fiber. This method is very tedious and time con- 
suming and therefore unsuitable for commercial produc- 
tion. 

[0006] U.S. patent 5,017,206 teaches a method of 
making a 1xN fiber optic coupler, wherein N is not equal 
to 6, by assembling a coupler preform comprising two 
concentric glass tubes having a gap therebetween. The 
shape and/or size of the inner tube relative to the shape 
and/or size of the outer tube is such that a plurality of 
output optical fibers can be equally spaced in the gap. 
If the inner surface of the outer tube and the outer sur- 
face of the inner tube are circular in cross-section, N 
must be greaterthan 6. An input optical fiber is disposed 
in the centrally located aperture In the inner tube. The 
input and output fibers extend through the midregion of 
the resultant coupler preform. The midregion is heated 



to collapse it about the fibers, and the central portion of 
the midregion is stretched to reduce the diameter there- 
of over a predetermined length. A spacer tube having 
an outside diameter of 205 u/n and an inside diameter 

5 of 1 30 urn can be used to form a 1x8 coupler from com- 
mercially available optical fibers having an outside di- 
ameter of 1 25 um. The eight output fibers just fit arou nd 
the spacer tube, and the input fiber fits in the spacer 
tube aperture. However, this embodiment of 1 x8 coupler 

10 is difficult to implement. First, it is difficult to make the 
spacer tube as it is very small In diameter and has an 
extremely small wall thickness. Moreover, It is very dif- 
ficult for a technician to Insert the Input fiber Into the 
spacer tube. The tube wail Is so thin that that part of the 

15 spacer tube that is grasped by a technician collapses to 
an elliptical cross-section. Also, the fiber can be dam- 
aged by the spacer tube as the technician is inserting 
the fiber into the spacertube. The difficulty encountered 
In threading the input fiber into the spacer tube makes 

20 the process more labor Intensive and adds to the cost 
of making the coupler. 

[0007] When making 1x8 couplers by the aforemen- 
tioned technique employing a spacertube between in- 
put and output fibers, it has been conventional practice 

25 to glue the ends of the overclad tube to the fibers to im- 
prove the pull strength of those portions of the fibers that 
extend from the coupler. It is noted that the portion of 
the spacer tube that will be in the midregion of the cou- 
pler preform cannot be glued to the input fiber as the 

30 midregion is subjected to a temperature sufficient to 
bum the glue and ruin the coupler. Also, the glue would 
block evacuation of air during the tube collapse step. 
However, since the spacing between the input fiber and 
the spacer tube is extremely small, glue applied to an 

35 end of the spacer tube cannot flow between that tube 
and the input fiber. Therefore, an insufficient amount of 
glue contacts the input fiber to provide it with adequate 
pull strength. 

[0008] To Increase pull strength of the input fiber, the 

40 single spacer tube is replaced by a short length and a 
longer length of spacertube. See U.S. patent 5,351 ,326. 
A drop of glue is applied to a portion of the uncoated 
end of the input fiber adjacent its coating, and it is in- 
serted into the short piece of spacertube. The glue then 

45 occupies the space between the fiber and spacer short 
tube. After the glue is cured, the remaining uncoated 
portion of the input fiber is inserted into the longer piece 
of spacer tube. The longer piece of spacer tube Is not 
glued to the input fiber so that the space between them 

so can therefore be evacuated. The length of the shorter 
spacer tube is sufficiently short that it is not located in 
the midregion of the coupler preform. The length of the 
longer spacer tube is sufficiently long that ft extends en- 
tirely through the preform midregion. Input fiber pull 

55 strength is improved; however, ft is a labor intensive 
process. 

[0009] Anothertechnlque for making 1x8 couplers in- 
volves reducing the cross-sectional area of the eight 
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output optical fibers. Methods of reducing the cross-sec- 
tional area of a fiber include etching, machining, and 
drawing. Such methods are difficult to control and cause 
the reduced diameter portion of the fiber to become frag- 
ile. Moreover, the refractive index of the central, large 
diameter fiber is the same as that of the cladding of the . 
etched, small diameter fibers. 

Summary of the Invention 

[001 0] it is therefore an object of the present invention 
to provide an Improved method of forming a 1xN fiber 
optic coupler (N>3). A further object is to provide a meth- 
od that overcomes the heretofore noted disadvantages 
of prior art methods. Another object is to provide a meth- 
od of forming a 1xN fiber optic coupler that is less labor 
intensive and therefore more economical to implement 
Yet another object is to provide a 1 xN fiber optic coupler 
in which the centrally located input optical fiber exhibits 
improved pull strength, whereby the coupler is less likely 
to fail. Another object is to provide a method of forming 
a 1 xN fiber optic coupler preform in which the output op- 
tical fibers are very accurately located with respect to 
eachother and with respect to the centrally located input 
optical fiber. 

[0011] The present invention relates to a fiber optic 
coupler and to a method of making it. 
[001 21 The method includes the step of fusing a pig- 
tail-type optical fiber of diameter d 1 to at least one end 
of an un coated fiber section having a diameter dg to form 
a first composite fiber according to claim 1 . Diameter 4, 
is different from diameter dg. That portion of the pigtail- 
type optical fiber opposite the fiber section has protec- 
tive coating thereon. At least one additional optica) fiber 
having a coated fiber pigtail extending from at least one 
end thereof is also provided. The uncoated fiber section 
is disposed adjacent to the additional optical fiber, and 
at least a portion of the overlapping region of the uncoat- 
ed fiber section and the additional optical fiber is heated 
and stretched to induce the coupling of optical signals 
between the fibers. 

[001 3] The at least one additional fiber can be formed 
by stripping coating from the end portions of a plurality 
of fibers. Prior to the heating step, the fibers can be ar- 
ranged such that the uncoated fiber section is surround- 
ed by the stripped portions of the remaining fibers to 
form a close-packed fiber array. 1xN couplers such as 
1x8 couplers can be made in this fashion. If some of the 
surrounding fibers are spacer fibers having no light con- 
ducting core, couplers of the 1x4 type can be formed. 
[0014] The method of the invention is also useful for 
making 2x2 couplers. In this embodiment, the first com- 
posite fiber includes an uncoated fiber section having a 
pigtail-type optical fiber fused to both ends thereof. The 
additional fiber is a second composite fiber identical to 
the first composite fiber. 

[001 5] Overdad couplers can be formed by the meth- 
od of the invention. The the step of disposing the fibers 



in position to apply heat thereto can comprise Inserting 
the first composite f foer and the additional fiber Into the 
bore of a glass tube having a funnel at a first end thereof . 
The glass tube Is heated to collapse It onto the fibers 
5 contained therein, and the tube is stretched along with 
the fibers. 

[0016] In accordance with a further aspect of the in- 
vention , an overclad fiber optic coupler Is formed by pro- 
viding a glass tube having a longitudinal bore and at 

10 least one funnel extending from the bore to a first end 
of the tube. The bare portion of a first optical fiber is in- 
serted into the tube bore. Coating Is stripped from the 
end portions of a plurality of glass fibers, at least some 
of which are optical fibers. One of the plurality of fibers 

is is inserted into each of a plurality of feed tubes. The feed 
tubes are disposed such that their ends are spaced from 
the first end of the glass tube, and the stripped ends of 
the fibers extend Into the funnel. The feed tubes are ad- 
vanced toward the glass tube whereby the fibers ad- 

20 vance further Into the funnel. The feed tubes are with- 
drawn away from the glass tube while the fibers are si- 
multaneously fed from the feed tubes toward the glass 
tube. The steps of feeding and withdrawing are repeated 
until the fibers are situated in the tube bore surrounding 

25 the bare portion of the first optical fiber. The glass tube 
is then heated, collapsed onto the fibers and stretched 
to form a coupler. 

[0017] When standard communications-type optical 
fibers are employed as the plurality of fibers, the feed 

30 tubes preferably move a distance between 6 and 1 1 mm 
during the steps of advancing and withdrawing. 
[001 8] The fiber optic coupler in accordance with the 
Invention comprises a first composite fiber including a 
pigtail-type optical fiber of diameter d 1 fused to at least 

35 one end of an uncoated fiber section having a diameter 
da. That portion of the pigtail-type optical fiber opposite 
the fiber section has protective coating thereon. The 
coupler Includes at least one additional optical fiber hav- 
ing a coated fiber pigtail extending from at least one end 

40 thereof. The uncoated optical fiber section and the ad- 
ditional optical fiber are optically fused together along a 
length sufficient to induce the coupling of optical signals 
between the uncoated fiber section and the stripped end 
portion of the additional optical fiber. 

45 

Brief Description of the Drawings 
[0019] 

so Fig. 1 shows a composite fiberfor use in the method 
of the invention. 

Fig. 2 is a cross-sectional view taken along lines 2-2 
of Fig. 1. 

Fig. 3 is a cross-sectional view of a coupler preform. 
55 Fig. 4 Is a cross-sectional view taken along lines 4-4 
of Fig. 3. 

Fig. 5 shows a coupler preform after it has been 
stretched and sealed at Its ends. 
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Fig. 6 is a partial cross-sectional view illustrating 
one-half of the overclad coupler of Fig. 5. 
Fig. 7 shows an apparatus for feeding fibers to a 
coupler forming apparatus. 
Fig. 8 shows a mechanism for feeding coated opti- 
cal fibers to the apparatus of Fig. 7. 
Fig. 9 is an end view of the retaining tube of Fig. 7. 
Fig. 1 0 is a detailed view of the end of the retaining 
tube of Fig. 7. 

Fig. 11 is an isometric view of a vacuum seal em- 
ployed in the apparatus of Fig. 7. 
Figs. 12a, 12b, 12c and 12d are partial cross-sec- 
tional views of an overclad tube illustrating the op- 
eration of the apparatus of Fig. 7. 
Rg. 1 3 is a cross-sectional view of a coupler pre- 
form for a 2x2 coupler 

Fig. 14 schematically illustrates a 1 x9 coupler. 
Fig. 15 is a cross-sectional view of a 1 x4 coupler 
that includes spacer fibers. 
Fig. 1 6 Is a graph illustrating spectral coupling ratio 
curves for a 1 XB coupler produced in accordance 
with the method of the present invention. 

Description of the Preferred Embodiments 

[0020] The drawings are not intended to indicate 
scale or relative proportions of the elements shown 
therein. 

[0021] A first embodiment of the invention relates to 
a method of making an overclad 1 x8 fiber optic coupler 
by manually inserting the optical fibers into the overclad 
tube. An overclad coupler preform 31 is assembled as 
shown In Figs. 14. The protective coating 22 is stripped 
from the ends of eight conventional single-mode coated 
optical fibers 1 8. Each fiber includes a core and cladding 
and a protective coating, and each is suitable for use as 
a pigtail that can be connected to the conventional op- 
tical fibers of a fiber optic system. The encrfaces of 
stripped fiber portions 20 are provided with antiref lection 
terminations that can be formed by the technique dis- 
. closed in U.S. patent 5,104,434. The stripped portions 
20 of the eight coated optical fibers 1 8 are inserted into 
bore 14 of overclad tube 13 in the arrangement shown 
in Fig. 4, coatings 22 ending within funnel 15 as shown 
in Fig. 3. A fiber Insertion tool can be employed in ac- 
cordance with the teachings of U.S. patent 5,268,979 or 
published European patent application EP 0,766,108 
A1. 

. [0022] An uncoated fiber section 25 is cutfrom an op- 
tical fiber that is similar to fibers 20 in that it includes a 
core 25a and a cladding 25b, the dimensions and com- 
position of which are similar to those of the core and 
cladding of fibers 20. In addition, fiber section 25 in- 
cludes an outer cladding layer 25c which has a softening 
point temperature lower than that of silica and which has 
a refractive index slightly iowerthan that of silica. These 
characteristics can be achieved by adding about 
0.25-0.75 wt. % BjPa to Si0 2 . The diameter d 2 of un- 



coated fiber section 25 is sufficiently large that eight un- 
coated end portions 20 can fit around Its circumference 
to form with section 25 a close packed array. 
[0023] The protective coating Is stripped from the end 
5 of a conventional single-mode coated optical fiber 17. 
The diameter of stripped portion 19 is d v Portion 19 is 
sufficiently short that It does not extend to tube mid- 
region 27 (Fig, 3). The end of stripped portion 1 9 is fused 
to uncoated fiber section 25 at fusion Joint 11. The re- 
10 maining end of fiber section 25 is provided with an 
antireflection termination 16. Although the endface of 
fiber section 25 is shown as being angle cleaved, It could 
be another type of antireflection termination such as a 
bait termination. An angle cleaved endface can be 
is formed with a commercial apparatus such as an Alcatel 
angle cleaver. The resultant composite fiber comprising 
stripped portion 19 and section 25 is inserted through 
funnel 12 and into the cavity at the center of fibers 20 
until coating 21 is within funnel 12. Section 25 Is suffi- 
ce ciently long that it extends entirely through tube mid- 
region 27. Thus, only section 25, and not stripped por- 
tion 19, iies in the coupling region of the resultant cou- 
pler. 

[0024] A drop 36 of glue is applied to the outer circum- 

25 ference of coated fibers 1 8 to tack them to endface 24, 
the glue being applied in such a manner that access 
from to bore 1 4 is not blocked . A drop 35 of glue similarly 
secures coated fiber 1 7 to endface 23. Drops 35 and 36 
of glue merely secure the fibers in place during the cou- 

30 pier forming operation. 

[0025] Coupler preform 31 can be further processed 
in a draw apparatus of the type disclosed in U.S. patents 
5,017,206 and 5,268,979. Preform 31 is inserted 
through a ring burner and is clamped to draw chucks 

35 which are mounted on motor controlled stages. The fib- 
ers are threaded through vacuum attachments which 
are then sealed to the ends of preform 31 . Typical vac- 
uum attachments are disclosed in U.S. patent 
5,01 7,206. While preform 31 is evacuated, the ring bum- 

40 er heats tube 1 3, causing midregion 27 to collapse onto 
optical fibers 20. Thereafter, the center of the collapsed 
region is heated, and the motor controlled stages pull in 
opposite directions to elongate preform 31 to form fiber 
optic coupler 28 having neckdown region 29 (Figs. 5 and 
45 6). 

[0026] The open space in funnels 12 and 15 is then 
filled with glue 50 and 51 , respectively, to increase the 
pull strength of the optical fiber pigtails extending from 
the ends of the coupler. Glue can be applied by filling a 

50 syringe with glue and inserting its applicator needle into 
a funnel. A sufficient amount of glue is injected into the 
funnel to cover the bare regions of the fibers that extend 
intc the funnel. Before the glue is cured; a sufficient 
amount of time is allowed to pass to enable the glue to 

55 wick along the wall of the funnel and bore adjacent the 
optical fibers . Preferably, the glue is curable by UV light, 
and a beam of UV light is directed through tube 13 just 
above fusion joint 1 1 to prevent the flow of glue beyond 
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the point shown in Fig. 6. If gtue reaches the ends of 
fibers 20, it reduces the effectiveness of the antlreflec- 
tive terminations thereon. Giue 50 adheres to most of 
the length of stripped portion 19, whereby most of an 
axial force that is applied to coated fiber 1 7 is transferred 
to tube 1 3 and does not reach those portions of the fibers 
in and near the coupling region. 
[0027] The 1x8 coupler could also be made by the 
semi-automated apparatus shown In Rgs.7-11 . In these 
figures and in Rgs. 12a, 12b and 12c, elements similar 
to above-described elements are represented by the 
same reference numerals. Drops 35 and 36 of tacking 
glue are not needed in this embodiment Fiber insertion 
fixture 70 is affixed to one end of a support arm 71 , the 
other end of which Is connected to a stage 72 which is 
movable along track 73 as indicated by arrow 72a. The 
vertical position of stage 72 is determined by program- 
mable controller 74. Most of the elements of Figs. 7 and 
8 that are controlled by controller 74 are provided with 
an arrow marked PC. Fixture 70 includes a retaining 
tube 75 in which are disposed fiber guide tubes 77 and 
alcohol dispensing tube 79. For the sake of clarity, only 
two of the eight fiber guide tubes are shown in Fig. 7. 
Tubes 77 and 79 are secured to the end of tube 75 by 
epoxy 80 (Fig. 9). 

[0028] The end of each fiber guide tube 77 remote 
from arm 71 is positioned adjacent a fiber feed mecha- 
nism 81 (Fig. 8). Fiber reels (not shown) are non-rotat- 
abfy positioned so that fibers 1 8 that are coiled thereon 
pay out to feed mechanism 81 . Fibers 18 pass through 
the feed mechanism and into guide tubes 77. Nitrogen 
is fed through tubes 85 into fiber guide tubes 77. Nitro- 
gen exiting the fiber input ends of the guide tubes blow 
dust and debris from the fibers before they enter the 
guide tubes. Nitrogen which flows through guide tubes 
77 to the ends thereof adjacent arm 71 lowers the friction 
between the guide tubes and the fibers as they traverse 
the guide tubes. 

[0029] Fiber feed mechanism 81 includes a roller 90 
which can be rotated in either direction by a stepping 
motor 91 . Located above roller 90 are Idler rollers 92 
(only one of which is shown) which are actuated by gas 
operated cyclinders 94. Rollers 92 are normally biased 
away from roller 90. To deliver a fiber 18 to a tube 77, 
cyciinder 94 is actuated, thereby lowering roller 92 onto 
roller 90. Motor 91 turns roller 90 in the clockwise direc- 
tion of arrow 90a. When a sufficient amount of fiber has 
been delivered, idler roller 92 retracts from main roller 
90, and cyciinder 98 is actuated to lower clamp 96 
against bar 97 to prevent further movement of the fiber. 
The surfaces of rollers 90 and 92 and the surfaces of 
clamp 96 and bar 97 are coated with a resilient material 
to avoid damaging the fibers. 
[0030] Alcohol from a pressurized source is fed to dis- 
pensing tube 79 by way of valve 1 00. A drop 1 01 of al- 
cohol is shown in Fig. 10 extending from tube 79. 
[0031] A coupler drawing apparatus 105 including 
chucks 106 and 107 is located below fiber insertion fix- 



ture 70. The ends of capillary tube 13 can be manually 
inserted in the chucks. Chucks 106 and 107 are con- 
nected to stages 109 and 110, respectively, each of 
which is movable in an upward or downward direction 

5 as indicated by arrows 109aand 110a. After fibers have 
been inserted into tube 1 08, vacuum seals 1 1 2 and 11 3 
move in the direction indicated by arrows 11 2a and 11 3a 
to seal the ends of tube 1 08 within the evacuated cavity. 
[0032] Theupperleftvacuumseal 112 tsshown In Rg. 

10 11. rt consists of a metal back plate 115 having a bore 
116 therein which is adapted to be connected to a bleed 
valve 1 22. Surrounding the periphery of the face of back 
plate 115 is an elastomeric seal 117 having a semi-cy- 
lindrical slot 11 8 therein which is adapted to receive the 

15 end of capillary tube 1 08. The central portion of seal 117 
is hollow so that is forms, along with the face of back 
plate 115, a cavity 120. The bore 116 of the upper left 
vacuum seal is connected to a bleed valve 122 (Rg. 7), 
and that of the upper right vacuum seal is connected to 

20 a vacuum source V. Similar/, one of the vacuum seats 
113 is connected to a vacuum source V, and the other 
vacuum seal 113 is connected to bleed valve 123. 
[0033] To form a 1 x8 coupler in the apparatus of Rg. 
7, capillary tube 13 is inserted into chucks 1 06 and 1 07. 

25 a length of fiber 1 8 sufficient to form a stripped, ball ter- 
minated end is delivered from fiber guide tube 77. The 
end stripping and ball termination operations can be per- 
formed mechanically in accordance with the teachings 
of published international application WO 97/11917. Al- 
so ternatively, a sufficient length of fiber 1 8 can be supplied 
from guide tube 77 to permit these operations to be man- 
ually performed. The stripped, terminated end of that 
particular fiber 1 8 is retracted into its guide tube 77. The 
remaining seven fibers 18 are then similarly end 

35 stripped, baii terminated and retracted into their guide 
tubes 77. 

[0034] A bottom clamp 125, which is actuated by 
mechanism 126, is situated on a stage 127 that moves 
vertically as shown by arrow 127a (Rg. 7). 

40 [0035] Coated fiber 1 7 is end stripped, and fiber sec- 
tion 25 is fused to stripped portion 19 as described 
above in conjunction with Fig. 1 . Fiber section 25 is man- 
ually inserted into the bottom end of capillary tube 13, 
and coating 21 of coated fiber 17 is threaded into the 

45 tube until coating 21 is located in funnel 15 as shown in 
Rg. 12a. Clamp 125 is closed on that portion of coated 
fiber 17 extending from the bottom of tube 13. The op- 
erator makes an entry In the program able controller in- 
dicating that, at the present vertical position of clamp 

so 125, the end of coating 21 is aligned with the top end of 
tube 13. The controller thus registers the vertical loca- 
tion of fiber section 25. Retaining tube 75 is moved 
downwardly until tubes 77 are about 8-11 mm above the 
cleaved end 1 6 of fiber section 25. Tube 79 is not shown 

55 in Rgs. 12a, 12b and 12c. Coated fibers 17 are simul- 
taneously fed through tubes 77 until the ball terminated 
tips of stripped regions 20 are positioned around the 
cleaved end of fiber section 25 as shown in Fig. 12a. 
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[0036] Bottom damp 1 25 and retaining tube 75 move 
downwardly under the control of the program able con- 
troller at approximately the same rate until fibers 20 are 
located just inside funnel 15 (Fig. 12b), and the distance 
s 12b Is 8-11 mm. Retaining tube 75 Is moved down- 
wardly about 5-B mm to cause stripped regions 20 to 
simultaneously begin to enter funnel 15. Retaining tube 
75 is then moved upwardly about 5-8 mm while fibers 
1 8 are fed into the guide tubes at the same rate that tube 
75 moves upwardly so that the ends of fiber portions 20 
that are in tube 1 3 remain stationary. The retaining tube 
again moves about 5-8 mm downwardly to cause fiber 
portions 20 to move farther into tube bore 14. Drops of 
alcohol are fed from tube 79 as the stripped regions 20 
of fibers 1 8 are lowered into capillary tube bore 1 4. The 
process of inserting fiber portions 20 In 5-B mm incre- 
ments is continued until only one additional 5-8 mm in- 
sertion is required in order to place fiber sections in their 
proper position in the coupler preform (see Fig. 12c). 
During the last 5-8 mm movement of portions 20 into 
bore 1 4, fiber section 25 moves to its final vertical posi- 
tion that is illustrated in Rg. 3. This final movement of 
section 25, during which it moves downwardly a greater 
distance than fiber portions 20, all of the fibers in the 
tube are straightened. The fiber straightening affect is 
caused by relative movement of fiber section 25 and fib- 
ers 20 as fiber section 25 moves downwardly a greater 
distance than fibers 20. 

[0037] It was found that standard telecommunications 
optical fibers could be best inserted into tube 13 when 
distance s was 8-11 mm. When d was less than 8 mm, 
some of the fibers broke as their ends encountered the 
tube funnel 1 5 since there was an insufficient length of 
the fibers protruding from tubes 77 to permit the fibers 
to sufficiently flex as they encountered the funnel, ff the 
distance s was greater than 11 mm, the fibers could ro- 
tate around eachother and would not enter the tube in 
a controlled state, thus causing the fibers to break. It Is 
expected that the distance s could be outside the range 
of 8-11 mm if optical fibers having a greater stiffness or 
a lesser stiffness than that of standard telecommunica- 
tions optical fibers were employed. 
[0038] The method whereby retaining tube 75 recip- 
rocated upwardly and downwardly during the insertion 
of the fibers into the tube bore at increments of about 
5-8 mm is beneficial in that fiber bending is controlled 
during Insertion, i.e. the fibers are kept sufficiently stiff 
that they insert in a relatively straight condition, whereby 
they exhibit low twist. 

[0039] After the bare regions of all fibers are located 
in the bore of tube 13, bottom vacuum seal 1 1 3 is closed, 
and alcohol is evacuated from the bore. Air is pulled 
through the tube bore for about 20 seconds. Air is also 
bled into the left vacuum seal 113 through valve 123. 
[0040] The retaining tube 75 is raised, and the fibers 
18 are fed through tubes 77 at the same rate until the 
bottoms of tubes 77 and 79 clear the top vacuum seal 
112. The top vacuum seal is closed and a vacuum Is 



pulled within the vacuum cavity above the top of tube 
13. Air Is bled through valve 122 and into left vacuum 
seat 112 while the other side of the seal is evacauated. 
This generates a fast moving air stream that removes 
3 any alcohol that has accumulated on the top of tube 13. 
This aspirator action occurs not only during alcohol re- 
moval but also during the application of vacuum during 
the subsequent steps of tube collapse and stretch; it is 
noted that only a low level of vacuum is required for 
10 these two steps. 

[0041]. Burner 111 Is preferably a split burner that can 
close around tube 1 3 at the appropriate time In the cou- 
pler fabrication process. With methane and a reduced 
level of oxygen flowing, the burner halves are ignited 
is and move in and close around tube 1 3. Then the flow of 
oxygen is increased, and the midreglon of tube 13 is 
heated to a sufficiently high temperature to cause it to 
collapse onto the fibers. About 1 0-22 seconds later (typ- 
ically 15 seconds), the top and bottom chucks are tra- 
20 versed In opposite directions and a tapered region is 
formed. Alternatively, tube 13 can be reheated prior to 
traversing the chucks to form the tapered region. 
[0042] The stretching distance was determined as fol- 
lows. A coupler is initially elongated by some distance 
25 determined by previous experience. The optical charac- 
teristics of the resultant device are measured, and the 
stretching or elongation distance of the subsequently 
made coupler Is adjusted in such a manner as to more 
nearly achieve the desired characteristics. By this proc- 
30 ess, the optimal stretching distance is achieved. There- 
after, all couplers of that type are stretched the optimal 
distance In order to achieve the desired optical charac- 
teristics. However, process parameters such as the 
elongation distance can be fine tuned as a result of op- 
35 tical characterization of the produced couplers. 

[0043] The vacuum seals are opened, and epoxy is 
dispensed at the ends of the coupler. UV light is directed 
at the applied epoxy to cure it. 
[0044] A jet of room temperature air is directed onto 
40 the coupler for about 1 0 seconds to cool it. The optical 
measurement is then made. 

[0045] The coupler body is released from the draw 
chucks, and the fiber pigtails at the top of the coupler 
are metered out by the fiber feed mechanism until about 

45 2 m of fiber extends from the top end of the coupler. The 
output leads are then severed, and the coupler is re- 
moved from the draw apparatus. 
[0046] Some or all of the functions that are indicated 
as being under the control of the programmable compu- 

50 ter may be manually performed by utilizing electrical 
switches. 

[0047] Various fiber packing arrangements other than 
those discussed above can be employed. A 2x2 coupler 
can be formed from the coupler preform of Fig. 13. A 
55 first fiber section 1 40 is fused at one end to stripped fiber 
portion 141 of coated fiber 142 and at the other end to 
stripped fiber portion 1 43 of coated fiber 1 44. Similarly, 
fiber section 146 is fused at one end to stripped fiber 
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portion 147 of coated fiber 148 and at the other end to 
stripped fiber portion 1 49 of coated fiber 1 50. The com- 
posite fibers are threaded through bore 14 until fiber 
sections 140 and 146 are centered in bore 14 of tube 
13. Fiber sections 140 and 146 can be threaded into 
bore 14 either simultaneously or consecutively. The di- 
ameters of fiber sections 140 and 146 are the same as 
the diameters of the coatings of coated fibers 1 42, 1 44, 
148 and 150. The diameter of bore 14 Is made slightly 
larger than twice the diameter of fiber section 1 40. Thus, 
the two coatings can easily be threaded through the 
bore. The combined diameters of fibers 1 40 and 146 Is 
such that there is very little excess space within the bore. 
Since the walls of aperture 14 undergo less inward 
movement before total collapse is achieved, and since 
fibers 1 40 and 1 41 move a relatively short distance dur- 
ing the tube collapse step to achieve mutual contact, the 
tube collapse step is more likely to be accomplished 
without matrix glass from the tube flowing between the 
fibers and without the deviation of the fibers from a linear 
path. The embodiment of Fig. 13 should therefore more 
consistently produce 2x2 couplers having low loss and 
predetermined coupling ratio. 

[0048] Hg. 14 schematically shows another embodi- 
ment wherein the coupler 1 53 is a fused fiber type cou- 
pler having no overclad tube. One fiber pigtail 155 is 
fused to one end of large dlameterf iber section 1 54, and 
another fiber pigtail 1 56 is fused to the other end thereof. 
Only two of the eight stripped fiber portions that are ar- 
ranged around central fiber section 154 are shown. Fib- 
er portions 1 57 and 1 58 are associated with pigtails 1 59 
and 160, respectively. This type of coupler could func- 
tion as a 1x9 wherein power substantially equally cou- 
ples to all nine output pigtails at one or two bands of 
wavelengths. Alternatively, the coupler could function as 
a tap wherein a small amount of power is coupled to the 
eight pigtails of the stripped fiber portions surrounding 
the central fiber section, and most of the output power 
remains in central fiber section 154 propagates from pig- 
tail 156. 

[0049] The modification discussed below In connec- 
tion with Fig. 1 5 can be used in the manufacture of other 
kinds of 1xN couplers or splitters. Instead of eight 
stripped fiber portions 20 around fiber section 25 there 
are only four. Four spacer fibers 166 are alternately dis- 
posed with the fiber portions 20 around fiber section 25. 
A spacer fiber has no core and can have a length that 
is slightly shorter than the tube. The composition of the 
spacer fiber is preferably such that Its refractive index 
is the same or about the same as that of the tube 13. 
The spacer fibers could be formed of the same material 
as the tube. A coupler formed from the preform of Fig. 
1 5 could function as a 1 x4 splitter. The coupler preform 
could be stretched until all of the power couples from 
the central f iberto the three ring fibers at the wavelength 
or wavelengths of Interest, depending on whether the 
device is to operate at one or two windows. 
[0050] Many other kinds of couplers can be formed 




from preforms similar to that shown in Fig. 15. Five ac- 
tive fibers and five spacer fibers could be alternately dis- 
posed about a central fiber section slightly larger In di- 
ameter than fiber section 25. Such a device could func- 
5 tion as a 1x5. c 

[0051] To make fused f fcer couplers in the above-de- 
scribed 1xN configurations, the optical fibers are ar- 
ranged In the relationships described above without the 
use of an overclad tube and are optionally twisted while 
10 they are heated and stretched. 

[0052] The following specific example concerns a 
method of making a 1 xB splitter in the apparatus of Figs. 
7-11 . A glass tube 13 having a 3.4 cm length, 2.6 mm 
outside diameter, and 470-475 uxn longitudinal bore dl- 
15 ameter was employed. It was formed of silica doped with 
about 3.5-4.0 wt. % B2O3, the composition being rela- 
tively uniform throughout its radius. Funnels 12 and 15 
were formed by flowing the gas phase etchant NF 3 
through the tube while uniformly heating the end of the 
20 tube. The funnels were about 3 mm deep, and their di- 
ameter at the tube end was about 1 .8 mm. 
[0053] Coated fibers 1 7 and 1 8 comprised 1 25 ujti di- 
ameter single-mode optical fibers 19 and 20 having a 
250 urn diameter urethane acrylate coatings 21 and 22, 
25 respectively. These fibers h ad an 8 yum diameter core of 
silica doped with 8.5 wt. % GeO z . These fibers, which 
were standard telecommunication fibers, were made in 
accordance with the teachings of U.S. Patent No. 
5,011,251. 

30 [0054] Eight optical fibers 1 8 were fed from their re- 
spective feed tubes 77 and provided with stripped ends 
having antireflection terminations as described above. 
The resultant stripped, terminated end regions were 
about 2.8 cm long. 

35 [0055] Coating was stripped from the end of a 2 m 
' long piece of coated optical fiber 1 7. The uncoated re- 
gion was severed to form a 5 mm long stripped portion 
19. 

[0056] A non-conventional optical fiber was made by 

40 a process similar to that by which coated fibers 1 7 and 
1 8 were made, except that its preform was provided with 
an additional cladding layer of silica doped with approx- 
imately 0.5 wt. % B 2 Q 3 after the conventional silica clad- 
ding layer was applied. The preform was drawn to form 

45 a reel of optical fiber having an 8 ujti diameter core 25a 
of silica doped with 8.5 wt. % GeQ 2 , a i 25 u/n diameter 
undoped silica cladding 25b and an outer 200 pm diam- 
eter cladding 25c of silica doped with approximately 0.5 
wt. % B20 3 . A length of the 200 u.m diameter fiber was 

so severed from the reel and fusion spliced to stripped por- 
tion 1 9 of coated fiber 1 7. The fusion splicing operation, 
which was performed on an Ericsson FSU-925 fusion 
splicer, typically achieved splice losses less than 0.1 dB. 
The end of the 200 pm diameter fiber was angle cleaved 

55 to form a 1 8 mm long 200 pm diameter fiber section 25. 
[0057] The eight stripped, terminated flberportlons 20 
and the composite of stripped portion 19 and 200 pm 
dlameterflbersection 25 were inserted into the overclad 



7 




EP0 895 



tube as described above in conjunction with Figs. 7-12. 
[0056] The burner flame heated the tube for about 1 B 
seconds to collapse the matrix glass onto the fibers. 
Stages 109 and 110 were pulled in opposite directions 
at a combined rate of 2 cm/sec until the central portion 
of midregion 27 was stretched 1 .74 cm. 
[0059] After the coupler cooled and the vacuum 
chucks were removed, epoxy was injected into the fun- 
nels and was cured. The coupler was then removed 
from the coupler drawing apparatus 1 05. 
[0060] Fig. 13 is a graph of insertion loss vs. wave- 
length for the coupler. Maximum insertion loss at 1550 
nm and 1310 nm was 11.46 dB and 10.50 dB, respec- 
tively. All ports uniformity at 1550 nm and 1310 nm was 
1 .38 dB and 0.84 dB, respectively. 
[0061 ] As compared with overclad 1 xB fiber optic cou- 
plers in which a glass sleeve or spacer tube surrounds 
the central fiber, the pull strength of pigtail 17 of a cou- 
pler made in accordance with this example is significant- 
ly improved, whereby the coupler is less likely to fall. 
This test was performed by making couplers without ap- 
plying epoxy 50 and 51 to the funnels as shown in Figs. 
5 and 6. A gel was applied to the funnels to prevent mois- 
ture from reaching fiber portion 1 9 and fiber section 25. 
Coated fiber was pulled at greadually increasing loads 
until it broke. In devices made in accordance with this 
example, a fiber break occurred after 40-60 kpsi had 
been applied. For overclad 1x8 fiber optic couplers in 
which a glass spacer tube surrounds the central fiber, 
the pull strength of pigtail 1 7 is only in the range of 1 0-1 3 
kpsi. 

[0062] There is a lower cost associated with the tech- 
nique of the above example since less labor is involved 
in fusing the two fiber sections 19 and 25 as compared 
with inserting a fiber Into a spacer tube or etching the 
eight surrounding fibers to reduce their diameter, as has 
previously been done. 



Claims 

1 . A method of making a fiber optic coupler comprising 

providing a first composite fiber including an 
uncoated fiber section having a diameter dg and a 
pigtail-type optical fiber of diameter d 1t fusing at 
least one end face of said fiber section to one end 
face of the pigtail-type optical fibre, wherein d n is 
different from d 2 , that portion of said pigtail-type op- 
tical fiber opposite said fiber section having protec- 
tive coating thereon, 

providing at least one additional optical fiber 
having a coated fiber pigtail extending from at least 
one end thereof, 

disposing said uncoated fiber section adja- 
cent to said at least one additional optical fiber, and 

heating and stretching at least a portion of the 
overlapping region of the uncoated fiber section and 
at least one additional optical fiber to induce the 




coupling of optical signals between the uncoated 
fiber section and the stripped end portion of said at 
least one additional optical fiber. 

s 2. The method of dalm1 wherein the step of providing 
a first composite fiber comprises stripping coating 
from the end portion of a first optical fiber having a 
diameter d 1 and fusing the end of the stripped por- 
tion of said first fiber to an uncoated optical fiber 

10 section having a diameter o^. 

3. The method of claim 2 wherein the step of providing 
at least one additional fiber comprises stripping 
coating from the end portions of a plurality of fibers, 

is the coated portions of said first fiber and said plu- 
rality of fibers constituting pigtails. 

4. The method of claim 3 wherein the step of disposing 
comprises surrounding said uncoated fiber section 

20 with the stripped portions of the remaining fibers to 
form a close-packed fiber array. 

5. The method of claim 3 wherein the step of disposing 
comprises surrounding said uncoated fiber section 

25 with the stripped portions of the remaining ffoers 
and with at least one spacer fiber to form a dose- 
packed fiber array. 

6. The method of claim 2 wherein o^ is greater than 
30 d 1( wherein the step of providing at least one addi- 
tional fiber comprises stripping coating from the end 
portions of eight fibers, the coated portions of said 
first fiber and said eight constituting pigtails, and 
wherein the step of disposing comprises surround- 

35 ing said uncoated fiber section with the stripped por- 
tions of said eight fibers to form a close-packed fiber 
array. 

7. The method of claim 1 wherein the step of providing 
40 at least one additional optical fiber comprises pro- 
viding a second composite fiber identical to said first 
composite fiber. 

8. The method of claim 7 wherein d 2 is greater than d-, 
45 and wherein each of said first and second compos- 
ite fibers comprises a pigtail-type optical fiber fused 
to both ends thereof. 

9. The method of any one of claims 1 to 3 wherein the 
so step of disposing comprises inserting said first com- 
posite fiber and said at least one additional fiber into 
the bore of a glass tube having a funnel at a first 
end thereof, and wherein the step of heating and 
stretching comprises heating said tube to collapse 

55 it onto the fibers therein, and thereafter stretching 
said tube and the fibers therein. 

1 0. The method of claim 9 wherein the step of providing 
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at least one additional fiber comprises stripping 
coating from the end portions of a plurality of fibers, 
the coated portions of said first fiber and said plu- 
rality of fibers constituting pigtails. 

5 

1 1 . The method of claim 1 0 wherein the step of inserting 
. said plurality of optical fibers Into the bore of said 
tube comprises 

inserting said uncoated fiber section into said 
bore, 10 

inserting one of said plurality of fibers into 
each of a plurality of feed tubes, 

disposing said plurality of feed tubes such that 
their ends are spaced from said first end of said 
glass tube and the ends of said fibers extend into « 
said funnel, 

advancing said feed tubes toward said giass 
tube whereby said plurality of fibers advance further 
into said funnel, 

withdrawing said feed tubes away from said 20 
first end of said glass tube while simultaneously 
feeding said plurality of fibers from said feed tubes 
toward said glass tube, and 

repeating the steps of advancing and with- 
drawing until said fibers are situated In said tube 25 
bore. 

12. The method of daim 11 wherein, during the inser- 
tion of said plurality of fibers into said tube bore, the 
end of said uncoated fiber section opposite said pig- so 
tail-type fiber Is situated at the end of said tube. 

13. The method of claim 11 wherein, during the steps 
of advancing and withdrawing, said feed tubes 
move a distance that is between 5 and 8 mm. & 

14. A fiber optic coupler comprising 

a first composite fiber including an uncoated 
fiber section having a diameter and a pigtail-type 
optical fiber of diameter d n being fused to at least 
one end of said fiber section, wherein 6^ is different 
from dg, that 1 portion of said pigtail-type optical fiber 
opposite said fiber section having protective coating 
thereon, 

at least one additional optical fiber having a *s 
coated fiber pigtail extending from at least one end 
thereof, 

. said uncoated optical fiber section and said at 
least one additional optical fiber being optically 
fused together along a length sufficient to induce so 
the coupling of optical signals between the uncoat- 
ed fiber section and the stripped end portion of said 
at least one additional optical fiber. 

15. The fiber optic coupler of claim 14 wherein said at ss 
least one additional fiber comprises a plurality of fib- 
ers surrounding said uncoated fiber section. 



16. The fiber optic coupler of claim 14 wherein said at 
least one additional fiber comprises a plurality of fib- 
ers, and wherein said uncoated fiber section is sur- 
rounded by said plurality of fibers and at least one 
of said spacer fiber. 

17. The fiber optic coupler of claim 14 wherein is 
greater than 6^ .wherein said at least one additional 
fiber comprises eight fibers surrounding said un- 
coated fiber section. 

18. The fiber optic coupler of claim 1 wherein said at 
least one additional optical fiber comprises a sec- 
ond composite fiber identical to said first composite 
fiber. 

19. The fiber optic coupler of claim 18 wherein cfe is 
greater than d n and wherein each of said first and 
second composite fibers comprises a pigtail-type 
optical fiber fused to both ends thereof. 



Paterrtansprflche 

1. Verfahren zur Herstellung eines faseroptischen 
Kopplers, umfassend: 

Bereitstellen einer ersten Verbundfaser, die el- 
nen unbeschlchteten Faserabschnlttmit einem 
Durchmesser o^ und eine litzenartige optische 
Faser mil einem Durchmesser d n aufwelst, Fu- 
sionieren von wenigstens einer Encffiache des 
genannten Faserabschnitts mlt einer Endfla- 
che der lltzenartigen optischen Faser, wobel 
sich dj von o^ unterscheidet, wobei der Tell der 
genannten lltzenartigen optischen Faser ge- 
genuber dem genannten Faserabschnitt eine 
Schutzbeschichtung tragt, 
Bereitstellen von wenigstens einer zusatzli- 
chen optischen Faser mit einer beschichteten 
Faseriltze, die sich von wenigstens einem Ende 
davon weg erstreckt, 

Anordnen des genannten unbeschichteten Fa- 
serabschnitts neben der genannten wenig- 
stens elnen zusatzlichen optischen Faser, und 
Erhitzen und Dehnen von wenigstens einem 
Tell der uberiappenden Region des unbe- 
schichteten Faserabschnitts und wenigstens 
einer zusatzlichen optischen Faser, urn die 
Kopplung optischer Signale zwischen dem un- 
beschichteten Faserabschnitt und dem abgelo- 
sten Endteil der genannten wenigstens elnen 
zusatzlichen optischen Faser zu induzieren. 

Verfahren nach Anspruch 1 , bei dem der Schritt des 
Bereltstellens einer ersten Verbundfaser das Able- 
sen der Beschichtung vom Endteil einer ersten op- 
tischen Faser mit Durchmesser und das Fusio- 
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nieren des Endes des abgeldsten Tells der genann- 
ten ersten Faser mit elnem unbeschichteten opti- 
schen Faserabschnrtt mit Durchmesser 02 umfasst 

3. Verfahren nach Anspruch 2, bei dem der Schritt des 
Bereitstellens von wenigstens einer zusatzlichen 
Faser das Ablosen der Beschichtung von den End- 
teilen einer Mehrzahl von Fasern umfasst, wobei 
die beschichtetenTeile der genannten ersten Faser 
und der genannten Mehrzahl von Fasem Utzen bil- 
den. 

4. Verfahren nach Anspruch 3, bei dem der Anord- 
nungsschrttt das Umgeben des genannten unbe- 
schichteten Faserabschnitts mit den abgeldsten 
Teilen derObrigen Fasem umfasst, urn eln dicht ge- 
packtes Faserbundel zu bilden. 

5. Verfahren nach Anspruch 3, bei dem der Anord- 
nungsschritt das Umgeben des genannten unbe- 
schichteten Faserabschnitts mit den abgelosten 
Teilen derObrigen Fasem und mit wenigstens einer 
Abstandsf aser umfasst, urn ein dicht gepacktes Fa- 
serbundel zu bilden. 

6. Verfahren nach Anspruch 2, bei dem cfe groBer als 
d 1 ist, wobei der Schritt des Bereitstellens von we- 
nigstens einer zusatzlichen Faser das Ablosen der 
Beschichtung von den Endteilen von acht Fasem 
umfasst, wobei die beschichteten Telle der genann- 
ten ersten Faser und der genannten acht Utzen bil- 
den und wobei der Anordnungsschritt das Umge- 
ben des genannten unbeschichteten Faserab- 
schnitts mit den abgelosten Teilen der genannten 
acht Fasem umfasst, urn ein dicht gepacktes Fa- 
serbundel zu bilden. 

7. Verfahren nach Anspruch 1 , bei dem der Schritt des 
Bereitstellens von wenigstens einer zusatzlichen 
optischen Faser das Bereitstellen einer zweiten 
Verbundfaser umfasst, die mit der genannten er- 
sten Verbundfaser identisch ist. 

8. Verfahren nach Anspruch 7 , wobei d 2 groBer ist als 
d 1 und wobei jede der genannten ersten und zwei- 
ten Verbundfasern eine litzenartige optische Faser 
umfasst, die mit beiden Enden fusion iert ist. 

9. Verfahren nach einem der Anspriiche 1 bis 3, wobei 
der Anordnungsschritt das Einfugen der genannten 
ersten Verbundfaser und der genannten wenig- 
stens einen zusatzlichen Faser in die Gffnung einer 
Glasrdhre mit einem Trichter an einem ersten Ende 
umfasst, und wobei der Schritt des Erhitzens und 
Dehnens das Erhitzen der genannten Ron re, so 
dass diese auf die Fasem darin kollabiert, und da- 
nach Dehnen der genannten Rohre und der darin 
enthaltenen Fasern umfasst 



1 0. Verfahren nach Anspruch 9, bei dem der Schritt des 
Bereitstellens von wenigstens einer zusatzlichen 
Faser das Ablosen der Beschichtung von den End- 
teilen einer Mehrzahl von Fasem umfasst, wobei 

5 die beschichteten Telle der genannten ersten Faser 
und der genannten Mehrzahl von Fasem Utzen bil- 
den. 

1 1 . Verfahren nach Anspruch 1 0, wobei der Schritt des 
10 EinfQgens der genannten Mehrzahl von optischen 

Fasem in die 6ffnung der genannten Rohre Folgen- 
des umfasst: 

Einfugen des genannten unbeschichteten Fa- 
ts serabschnhts in die genannte 6ffnung, 

Einfugen von einer aus der genannten Mehr- 
zahl von Fasem in jede aus einer Mehrzahl von 
Zufuhrungsroh ren , 

Anordnen der genannten Mehrzahl von Zufuh- 
20 rungsrfihren, so dass ihre Enden von dem ge- 

nannten ersten Ende der genannten Glasr5hre 
beabstandetsind und die Enden der genannten 
Fasem In den genannten Trichter reichen, 
Vorwartsbewegen der genannten Zufuhrungs- 
25 . rohren in Richtung auf die genannte Glasrdhre, 

so dass die genannte Mehrzahl von Fasem 
welter in den genannten Trichter vorbewegt 
wlrd, 

Zuruckziehen der genannten Zufuhrungsroh- 
30 ren von dem genannten ersten Ende der ge- 

nannten Glasrdhre weg unter gleichzeitigem 
Zufuhren der genannten Mehrzahl von Fasem 
von den genannten Zufuhrungsrohren in Rich- 
tung auf die genannte Glasrohre, und 
ss Wiederholen derSchrittezum Vorbewegen und 

. Zuruckziehen, bis sich die genannten Fasem 
in der genannten Rohrenoffnung befinden. 

12. Verfahren nach Anspruch 11 , bei dem sich das En- 
40 de des genannten unbeschichteten Faserab- 
schnitts wahrend des EinfQgens der genannten 
Mehrzahl von Fasem in die genannte Rohrenboh- 
rung gegenuber der genannten litzenarttgen Faser 
am Ende der genannten Rohre befindet. 

45 

13. Verfahren nach Anspruch 11 , bei dem sich die ge- 
nannten Zufuhrungsrohren wahrend der Schritte 
des Vorbewegens und Zuruckziehens urn eine Ent- 
fernung bewegen, die zwischen 5 und 8 mm iiegt. 

so 

14. Faseroptischer Koppler, urrrfassend: 

eine erste Verbundfaser, die einen unbeschich- 
teten Faserabschnrtt mit einem Durchmesser 
ss d2 und eine litzenartige optische Faser mit 

. Durchmesser d 1 aufweist, die mit wenigstens 
einem Ende des genannten Faserabschnitts 
fusioniertwird, wobei d t 6ich von unterschei- 
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det, wobei der Teil der genannten lltzenartigen 
optischen Faser gegenOber dem genannten 
Faserabschnitt die Schutzbeschichtung tragt, 
wenigstens eine zusatzliche optische Faser mit 
einer beschiehteten Faserlitze, die von wenig- 
stens einem Ende dayon weg vertauft, 

wobei der genannte unbeschtchtete optische 
Faserabschnitt und die genannte wenigstens eine 
zusatzliche optische Faser optisch uber eine Lange 
miteinander fusioniert sind, die ausreicht, um die 
Kopplung optischer Signale zwischen dem unbe- 
schichteten Faserabschnttt und dem abgetosten 
Endteil der genannten wenigstens einen zusatzli- 
chen optischen Faser zu induzieren. 



15. Faseroptischer Koppler nach Anspruch 14, wobei 
die genannte wenigstens eine zusatzliche Faser ei- 
ne Mehrzahl von Fasem umfasst, die den genann- 
ten unbeschichteten Faserabschnttt umgeben. 20 

1 6. Faseroptischer Koppler nach Anspruch 1 4, bei dem 
die genannte wenigstens eine zusatzliche Faser ei- 
ne Mehrzahl von Fasem umfasst und bei dem der 
genannte unbeschichtete Faserabschnttt von der 25 
genannten Mehrzahl von Fasem und wenigstens 
einer genannten Abstandsfaser umgeben wird. 



la portion de ladite fibre optique de type fibre 
amorce opposee audit troncon de fibre portent 
un revetement protecteur, 
a prendre au moins une fibre optique addition- 
5 nelle comportant une fibre amorce revetue par- 

tant de I'une au moins de ses extremltes, 
a disposer ledit troncon de fibre non revetu a 
proximite immediate de ladite au moins une fi- 
bre optique additionnelie, et 
10 a chauffer et a allonger au moins une portion 

de la region de chevauchement dudit troncon 
de fibre non revetu et de ladite au moins une 
fibre optique additionnelie pour entratner le 
cou plage de signaux optiques entre ie troncon 
15 de fibre non revetu et la portion terminate de- 

nudee de ladite au moins une fibre optique ad- 
ditionnelie. 



17. Faseroptischer Koppler nach Anspruch 14, wobei 
dg grofcer als d 1 ist, wobei die genannte wenigstens 
eine zusatzliche Faser acht Fasem umfasst, die 
den genannten unbeschichteten Faserabschnitt 
umgeben. 

1 8. Faseroptischer Koppler nach Anspruch 1 , wobei die 
genannte wenigstens eine zusatzliche optische Fa- 
ser eine zweite Verbundfaser umfasst, die mlt der 
genannten ersten Verbundfaser identisch Ist 

19. Faseroptischer Koppler nach Anspruch 18, bei dem 
d 2 gro&er ist als dj und bei dem jede der genannten 
ersten und zweiten Verbundfasem eine lltzenartige 
optische Faser umfasst, die rnit beiden Enden da- 
von fusioniert ist. 



Le procede de la revendication 1 dans lequel rope- 
ration de prise d'une premiere fibre composite com- 
prend I'enlevement du revetement de la portion ter- 
minate d'une premiere fibre optique ayant un dia- 
metre d 1 et le soudage de rextremlte de ta portion 
denudee de ladite premiere fibre a un troncon de 
fibre optique non revetu ayant un diametre o^. 



3. Le procede de la revendication 2 dans lequel rope- 
ration de prise d'au moins une fibre additionnelie 
comprend I'enlevement du revetement des portions 

30 terminales d'une pluralite de fibres, les portions re- 
vetues de ladite premiere fibre et de ladite pluralite 
de fibres constituent des fibres amorces. 

4. Le procede de la revendication 3 dans lequel I'ope- 
35 ration de disposition comprend ('operation d'entou- 

rer ledtt troncon de fibre non revetu avec les por- 
tions denudees des fibres restantes pour former un 
groupement de fibres compact. 

40 5. Le procede de la revendication 3 dans lequel rope- 
ration de disposition comprend I'operation d'entou- 
rer ledit troncon de fibre non revetu avec les por- 
tions denudees des fibres restantes et avec au 
moins une fibre d'espacement pour former une 

45 groupement de fibres compact. 



Revendicatlon8 

1 . Un procede pour reallser un coupleur de fibres op- 
tiques comprenant les operations consistent so 

a prendre une premiere fibre composite com- 
portant un troncon de fibre non revetu ayant un 
diametre dg et une fibre optique de type fibre 
amorce de diametre d 1 , a souder I'une au moins ss 
des faces terminales dudit troncon de fibre a 
I'une des faces terminales de ta fibre optique 
de type fibre amorce, d 1 etant different de dg, 



6. Le procede de ta revendication 2 dans lequel dg est 
plus grand que d 1t dans lequel ('operation de prise 
d'au moins une fibre additionnelie comprend I'enle- 
vement du revetement des portions terminales de 
hutt fibres, les portions revetues de ladite premiere 
fibre et desdites hurt fibres constituent des fibres 
amorces, et dans lequel roperation de disposition 
comprend roperation d'entourer ledit troncon de fi- 
bre non revetu avec les portions denudees desdites 
hurt fibres pour former un groupement de fibres 
compact. 
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7. Le proc&te de (a revendtcation 1 dans iequel repa- 
ration de prise d'au molns une fibre optique addi- 
tionnelie comprend la prise d'une deuxieme fibre 
composite identique a ladite premiere fibre compo- 
site. 

8. Le precede de la revendtcation 7 dans Iequel d 2 est 
plus grand que d 1 et dans leque! chacune desdites 
premiere et deuxieme fibres composites comprend 
une fibre optique de type fibre amorce soudee a ses 
deux extremites. 

9. Le precede de Tune queiconque des revendications 
1 a 3 dans Iequel I' operation de disposition com- 
prend {Introduction de iadite premiere fibre compo- 
site et de iadite au moins une fibre addition neile 
dans Taiesage d'un tube en verre comportant un 
evasement a une premiere extremfte de celui-ci, et 
dans Iequel foperation de chauffage et d'allonge- 
ment comprend un chauffage dudft tube pour le re- 
tracter contre les fibres qu'il contient, puis un allon- 
gement dudit tube et des fibres qu'il contient. 

10. Le precede de la revendication 9 dans iequel Tope- 
ration de prise d'au moins une fibre addition nelle 
comprend Tenlevement du rev§tement des portions 
terminates d'une plurality de fibres, les portions re- 
venues de Iadite premiere fibre et de ladite pluralite 
de fibres constituant des fibres amorces. 

1 1 . Le procede de la revendication 1 0 dans Iequel Tope- 
ration d 1 introduction de ladite pluralite de fibres op- 
tiques dans Taiesage dudit tube comprend les ope- 
rations consistent 

a introduce iedrt troncon de fibre non revetu 
dans Iedrt aiesage, 

a introduire Tune des fibres de ladite pluralite 
de fibres dans chacun des tubes d'une pluralite de 
tubes d'amenee, 

a disposer ladite pluralite de tubes d'amenee 
de telle maniere que les extremites des tubes 
d'amenee soient distantes de ladite premiere extre- 
mity dudit tube en verre et que les extremites des- 
dites fibres s'avancent dans ledit evasement, 

a avancer tesdits tubes d'amenee en direction 
dudit tube en verre en faisant ainsi pen6trer plus 
loin ladite pluralite de fibre dans ledit evasement, 

a retirer lesdits tubes cfamenee de ladite pre- 
miere extremite dudit tube en verre tout en faisant 
simultanement avancer iadite pluralite de fibres par 
lesdits tubes d'amenee en direction dudit tube en 
verre, et 

a repeter les operations d'avance et de retrart 
jusqu'a ce que lesdites fibres soient situ6es dans 
ledit aiesage de tube. 

12. Le procede de la revendication 11 dans Iequel, lors 
de {'Introduction de iadite pluralite de fibres dans le- 



dit aiesage de tube, Textremite dudit troncon de fi- 
bre non revetu opposee a ladite fibre de type fibre 
amorce est situee a Textremite dudit tube. 

s 13. Le precede de la revendication 11 dans Iequel, lore 
des operations d'avance et de retralt, lesdits tubes 
cfamenee se deplacent d'une distance qui est com- 
prise entre 5 et 8 millimetres. 

10 14. Un coupleur de fibres optiques comprenant 

une premiere fibre composite comportant un 
troncon de fibre non revetu ayant un diametre dg, 
une fibre optique de type fibre amorce de diametre 
d 1 etant soudee a Tune au moins des extremites du- 
ff dit troncon de fibre, d 1 etant different de dg, la por- 
tion de ladite fibre optique de type fibre amorce op- 
posee audit troncon de fibre portant un revetement 
protecteur, 

au moins une fibre optique additionnelle com- 
20 portant une fibre amorce revetue partant de Tune 
au moins de ses extremites, 

ledit troncon de fibre optique non revetu et la- 
dite au moins une fibre optique additionnelle etant 
optiquement soudes ensemble sur une longueur 
25 suff isante pour entraTner le couplage de signaux op- 
tiques entre le troncon de fibre non revetu et ta por- 
tion terminate denudee de ladite au moins une fibre 
optique additionnelle. 

30 15. Le coupleur de fibres optiques de la revendication 
14 dans Iequel ladite au moins une fibre addition- 
. nelle comprend une pluralite de fibres entourant le- 
dit troncon de fibre non revetu. 

35 16. Le coupleur de fibres optiques de la revendication 
14 dans iequel ladite au moins une fibre' addition- 
nelle comprend une pluralite de fibres, et dans Ie- 
quel ledit troncon de fibre non revetu est entoure 
par ladite pluralite de fibres et par au moins une fibre 

40 d'espacement. 

17. Le coupleur de fibres optiques de la revendication 
1 4 dans Iequel d 2 est plus grand que d 1 , dans Iequel 
ladite au moins une fibre additionnelle comprend 

45 hurt fibres entourant ledit troncon de fibre non reve- 
tu. 

18. Le coupleur de fibres optiques de la revendication 
1 dans Iequel ladite au molns une fibre optique ad- 

so ditionnelle comprend une deuxieme fibre composi- 
te identique a ladite premiere fibre composite. 

19. Le coupleur de fibres optiques de la revendication 
1 8 dans lequei d 2 est plus grand que d n et dans ie- 
quel chacune desdites premiere et deuxieme fibres 
composites comprend une fibre optique de type fi- 
bre amorce soudee a ses deux extremites. 
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